Asana (the heartwood of Pterocarpus marsupium) has been utilized as an agent for diabetes mellitus in Ayurveda traditional medicine. In our research program to explore novel functions of asana extract, we focused on its skin-whitening effect because asana has been used as a remedy for chronic skin diseases. In addition, the authors have already reported an improvement in blood fluidity that brightens dull facial skin. Based on these effects, asana is a promising candidate agent that possesses both blood fluidity and anti-tyrosinase activities. We focused on the anti-tyrosinase activity and anti-oxidative activities of asana and the results are summarized in this report. We found that a 50% ethanolic extract obtained from asana (PM-ext) showed 23%, 53%, and 71% inhibition against mushroom tyrosinase at 12.5, 50, and 200 µg/mL. Oxyresveratrol and isoliquiritigenin were identified as the active compounds by activity-guided purification. Oxyresveratrol has higher potency than isoliquiritigenin and the IC 50 of oxyresveratrol was estimated to be 2.1 µM. On the other hand, isoliquiritigenin showed 21%, 28%, and 38% inhibition at 10, 50, and 100 µM, respectively. The inhibitory activity of oxyresveratrol was compared with 3 stilbenes, pterostilbene, resveratrol, and piceatannol. Although oxyresveratrol showed 72.8%, 81.0%, and 85.4% inhibition at 2, 5, and 10 µM, respectively, pterostilbene, resveratrol, and piceatannol showed no effects at the same concentration; these compounds also demonstrated anti-melanogenesis activity on B16 murine melanoma cells. As a result, oxyresveratrol showed the most potent activity, without cytotoxicity, with 38%, 74%, and 84% inhibition at 2, 10, and 20 µM, respectively, while pterostilbene showed 26%, 71%, and 79% inhibition at the same concentration with cytotoxicity at 10 and 20 µM. Resveratrol showed 20%, 41%, and 57% inhibition without cytotoxicity at 2, 10, and 20 µM, respectively. Auto-oxidation is one of the major factors in melanin biosynthesis and anti-oxidative activity is suitable for an anti-melanogenesis agent. We investigated the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity by PM-ext. As a result, PM-ext showed 16%, 33%, and 73% DPPH radical-scavenging activity at 10, 20, and 50 µg/mL, respectively. Oxyresveratrol showed 19%, 31%, and 59% scavenging activity at 10, 20, and 50 µM, respectively, similar to piceatannol. In addition, PM-ext showed 29%, 48%, and 80% suppressive activity on AGEs production at 3.1, 12.5, and 50 µg/mL, respectively. Oxyresveratrol showed 32%, 47%, and 55% activity at 10, 50, and 100 µM, respectively, and this was the most potent among the stilbenes tested. These results suggest that PM-ext could be a promising candidate as skin-whitening agent.
Asana (Indian kino tree, heartwood of Pterocarpus marsupium) is a Fabaceae plant and its heartwood is used as an agent to treat diabetes mellitus in Ayurvedic medicine. Asana is a promising candidate as a multifunctional remedy to improve various disorders related to life style-related dysfunction, but few studies have investigated its pharmacological activities. Ahmad et al showed an increase in insulin in a rat alloxan-induced diabetes model by an ethyl acetate soluble fraction obtained from an ethanolic extract of asana. 1 Manickam et al showed a decrease in blood glucose levels following marsupin and pterostilbene treatment; these compounds are contained in asana extract. 2 We have already reported an improvement in blood fluidity in a disseminated intravascular coagulation model by oral administration of a crude extract of P. marsupium and one of the active components was determined to be pterostilbene. 3 An improvement in blood fluidity affects blood circulation in the microsystem, and this can lighten dull facial skin. 4, 5 Thus, asana may be utilized as a skin care agent and it has been used medically for serious skin diseases. 6, 7 From this point of view, we focused on the skin-whitening effect of asana as a promising candidate skin-whitening agent as it possesses skin-whitening and anti-oxidative activity and improves blood fluidity. Among the various targets for skin-whitening, tyrosinase is a major enzyme in melanin biosynthesis which catalyzes the oxidative reaction from L-tyrosine to 3,4-dihydroxyphenyl-L-alanine (L-DOPA) and from L-DOPA to dopaquinone. Dopaquinone is polymerized by oxidation to produce melanin. Thus, an agent possessing tyrosinase and displaying oxidation inhibition would be a suitable target for a skin-whitening treatment. Furthermore, inhibitory activity against melanin production in a cell line would be a suitable indicator of skin-whitening potential. Melanin is synthesized by advanced glycation end-products (AGEs) through AGEs receptors. 8 A suppressive activity against AGEs production may also be suitable to achieve a skin-whitening effect.
Based on the above, we tested the inhibitory activities of asana extract against tyrosinase, melanin production in a cell line, oxidation, and production of AGEs. In this report, the results of inhibitory assays are presented and some of the active components are discussed.
A crude extract obtained from P. marsupium (asana) heartwood with 50% ethanol (PM-ext) showed 23%, 53%, and 71% inhibition against mushroom tyrosinase at 12.5, 50, and 200 µg/mL, respectively (Table 1) . PM-ext showed relatively high potency against tyrosinase.
The high potency of PM-ext prompted us to look for the active component, and activity-guided purification using various liquid chromatography techniques allowed us to identify a stilbene, oxyresveratrol (1, Figure 1 ), and a chalcone, isoliquiritigenin (2, Figure 1 ). Compound 1 showed an IC 50 of 2.1 µM (Table 2) , while compound 2 showed 21%, 28%, and 38% inhibition at 10, 50, and 100 µM, respectively (Table 3 ). This is the first report investigating compound 1 from P. marsupium. Compound 1 is likely to be the main factor in the anti-tyrosinase activity of Fr. D-5, since the potency and yield (14.2 mg, 4.7%) were high. The anti-tyrosinase activity of compound 1 was already reported and its IC 50 value was 1.2 µM. 9 This IC 50 value was equivalent to our data.
Compound 1 has been used as an anti-oxidative agent in supplemental foods. The compound possesses highly potent anti-oxidative activity as reported by Lorenz et al. 10 We compared the inhibitory activity with pterostilbene (3), resveratrol (4), and piceatannol (5) in a structure-activity relationship study. Compound 3 is a stilbene that is typically contained in P. marsupium. Compound 4 is also a stilbene that is found in red wine and is well known as a multifunctional compound 11 used in supplements. In addition, compound 5 is a constitutional isomer of compound 1 and is contained in berries, grapes, and passion fruit. 12 These stilbenes are frequently used as ingredients in functional foods. Compound 1 showed the most potent activities of 72.8%, 81.0%, and 85.4% inhibition at 2.0, 5.0, and 10 µM, respectively, among the compounds tested (Table 4) while others showed no activity at the tested concentration. These results suggest that the hydroxyl group at the C-2 position is critical for expression of its inhibitory activity, while hydroxyl groups at the C-3 and C-5 positions may not be critical since there was no significant difference in activity between compound 1 and compound 3. Kojic acid is a potent tyrosinase inhibitor widely used as a positive control in melanogenesis assays. Kojic acid showed 81.2% inhibition at 50 µM, while compound 1 showed 81.0% inhibition at 5 µM. These data suggest that compound 1 possesses 10-fold more potent inhibitory activity than kojic acid. Next, suppression of melanin production using a B16 melanoma cell line and PM-ext and compounds 1, 3, 4, and 5 was investigated. PM-ext showed 24%, 45%, 53%, and 69% inhibition at 5, 10, 20, and 50 µg/mL, respectively, without cytotoxicity (Table 5) .
Compound 1 showed the most potent activity among the compounds tested with 38%, 74%, and 84% inhibition at 2, 10, and 20 µM, respectively, without cytotoxicity ( Table 6 ). Although compound 3 showed high inhibition activity of 26%, 71%, and 79% at 2, 10, and 20 µM, respectively, compound 3 displayed cytotoxicity at 10 and 20 µM. Meanwhile, compound 4 showed 20%, 41%, and 57% inhibition at the same concentrations without cytotoxicity. Interestingly, compound 4 showed inhibition of melanogenesis in a B16 melanoma cell line of 20%, 41%, and 57% at 2, 10, and 20 µM, respectively, despite no inhibition against tyrosinase at the tested concentrations in our study. Park et al 13 reported that compound 4 clearly showed inhibition at 3 µM in B16 melanoma cells and weakly inhibited mushroom tyrosinase. These results suggest that compound 4 is effective against melanogenesis in B16 melanoma cells, but not inhibition of the tyrosinase enzyme. Kojic acid showed approximately the same potency at 200 µM as that of compound 1 at 20 µM. These data suggest that compound 1 possesses 10-fold higher potency than kojic acid.
Auto-oxidation is one of the major processes in melanin biosynthesis 14 and anti-oxidative activity would be a desirable trait for an anti-melanogenesis agent. We investigated the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity and suppression of AGEs production by PM-ext and 4 stilbenes.
First, DPPH radical-scavenging activity was investigated. PM-ext showed 16%, 33%, and 73% DPPH radical-scavenging activity at 10, 20, and 50 µg/mL ( Table 7) .
The DPPH radical-scavenging activity of 4 stilbenes was investigated. Compounds 5 and 1 showed 69% and 59% activities at 50 µM, respectively (Table 8 ). Compounds 4 and 3 showed moderate activities of 47% and 31% at the same concentration, respectively. In a previous study, the hydroxyl group at C-4′ of compound 4 was important for the expression of radical-scavenging activity. In this study, all 4 stilbenes had a hydroxyl group at the C-4′ position and their activities varied. 15 These results suggest that other structural features may also be critical for this activity.
Second, suppressive activity on AGEs production was investigated. AGEs are involved in the production of reactive oxygen species and enhance melanin biosynthesis through binding to AGEs receptors. 16 For this reason, suppression of AGEs production is important to protect against skin aging.
PM-ext showed 29%, 48%, and 80% inhibition at 3.1, 13, and 50 µg/mL, respectively (Table 9 ).
Compounds 1, 3, 4, and 5 showed suppressive activities at 10 and 50 µM ( Table 10 ). Compound 1 showed the highest activity at 100 µM, showing 32%, 47%, and 55% activity at 10, 50, and 100 µM, respectively. Interestingly, the activity of compound 5 disappeared at 100 µM and that of compound 3 was decreased at 100 µM. These results suggest that these compounds have an optimum concentration for expressing activity.
From these results, PM-ext is a promising candidate as a multifunctional skin-whitening agent; it showed anti-melanogenesis activity in a cell line as well as anti-oxidative activities. Moreover, PM-ext has both suppressive activity on AGEs production and DPPH radical-scavenging activity. These activities can lead to younger looking skin. PM-ext was recognized as an anti-aging compound from this study and is expected to be developed as a functional ingredient. Further study to determine its active components is now underway in our laboratory.
Experimental

Reagents
Reagents used in this study were purchased from Fujifilm Wako Pure Chemicals (Osaka, Japan), Nacalai Tesque (Kyoto, Japan), or Sigma-Aldrich (St Louis, MO), unless otherwise stated.
Preparation of Extracts From Heartwood of P. marsupium
Heartwood of P. marsupium was harvested in Kerala, India, on April 10, 2014, and provided from Inabata Koryo Co., Ltd in May 2014. A voucher specimen of this plant is deposited at the Faculty of Pharmacy, Kindai University (Voucher No. PM-20140410). The pulverized heartwood (400 g) was extracted with 50% ethanol (4 L) under reflux for 2 hours. After filtration, the residue was refluxed again under the same conditions. The filtrates were combined and the solvent was evaporated under reduced pressure and lyophilized to give a brown powder (PM-ext, 46.4 g, 11.6%). Each value in melanin content represents the mean ± SD of triplicates. Significantly different from the control group, ## P < 0.01. Significantly different from the vehicle control group, **P < 0.01. Each value for cell proliferation represents the mean ± SD of triplicates. Each value in melanin content represents the mean ± SD of triplicates. Significantly different from the control group, ## P < 0.01. Significantly different from the vehicle control group, **P < 0.01. Each value for cell proliferation represents the mean ± SD of triplicates.
Tyrosinase Inhibitory Activity
Tyrosinase activity was measured according to the method described in previous reports. [17] [18] [19] [20] Test samples were dissolved with dimethyl sulfoxide (DMSO) and diluted with 15 mM phosphate buffer (KH 2 PO 4 15 mM, K 2 HPO 4 15 mM, pH 6.8) to a final DMSO concentration of 5% v/v (no effect to the assay). After incubation of 50 µL of the test solution at 25℃ for 10 minutes, 50 µL of mushroom tyrosinase (135 U/mL, Sigma-Aldrich Japan, Tokyo, Japan) and 50 µL of 0.03% DOPA solution were added to a 96-well plate. The mixture was incubated at 25℃ for 5 minutes. The amount of dopachrome in the mixture was determined based on the optical density (OD) at 475 nm using a microplate reader (TECAN, Fujifilm Wako Pure Chemicals, Osaka, Japan). Kojic acid was used as a standard agent. The inhibitory percentage of tyrosinase was calculated as follows:
where A is the OD at 475 nm with the enzyme, but without the test substance; B is the OD at 475 nm without the test substance or enzyme; C is the OD at 475 nm with the test substance and the enzyme; and D is the OD at 475 nm with the test substance, but without the enzyme.
Fractionation of PM-Ext
PM-ext (40 g) was suspended in water (600 mL) and extracted with ethyl acetate (AcOEt, 600 mL × 3) ( Figure 2 ). The water was then extracted with n-butanol (BuOH, 600 mL × 3). The yields of AcOEt, BuOH, and water fractions were 6.0, 8.8, and 21.0 g, respectively. The AcOEt-soluble fraction (5.6 g) was subjected to silicic gel column chromatography (75 g, Merck, 3.5 i.d. × 16 cm). Elution was performed with mixtures consisting of A: n-hexane (Hex), B: AcOEt (A:B = 5:1, 3:1, 1:1, and 1:3), and methanol (MeOH), and each fraction was monitored with thin layer chromatogram (Merck Each value represents the mean ± SD of triplicates. Significantly different from the control group, **P < 0.01.
No. 1.05735 silica gel 60 F254, Hex/AcOEt = 1:1 (v/v), detection; UV and 10% H 2 SO 4 followed by heating). The fractions were combined into 5 fractions (Fr. A-E) according to the TLC data. Fr. D (300 mg) was subjected to preparative HPLC under the following conditions: column, Waters SunFire C18 column (10 i.d. × 250 mm); mobile phase, water/acetonitrile (MeCN) = 95:5 (0 minutes) to 9:11 (30 minutes) in a linear gradient; flow rate, 4.0 mL/min; detection, UV 280 nm to give 11 fractions (Fr. D-1 to D-11). Fr. D-5 was then subjected to preparative HPLC under the following conditions: column, Waters SunFire C18 column (10 i.d. × 250 mm); mobile phase, water/MeOH = 95:5 (0 minutes) to 1:4 (30 minutes) in linear gradient; flow rate, 5.0 mL/min; detection, UV 280 nm to give oxyresveratrol (1, 14.2 mg). The chemical structure of oxyresveratrol was determined by comparison of 1 H-and 13 C-NMR spectra with those from an authentic sample. Fr. C (970 mg) was subjected to silicic acid gel column chromatography (50 g, 1.24 i.d. × 25 cm) using a mixture of chloroform/MeOH in gradient condition from 1:0 to 0:1 to obtain 50 fractions, which were combined into 6 fractions (Fr. C-1 to C-6) according to TLC analysis. Fr. C-3 (155.5 mg) was then subjected to preparative HPLC under the following conditions: column, Waters SunFire C18 column (19 i.d. × 250 mm); mobile phase, 35% MeCN containing 0.1% formic acid; flow rate, 10 mL/min; detection, UV 254 nm to obtain isoliquiritigenin (2, 13.8 mg). The structure of compound 2 was confirmed by comparing NMR spectra with an authentic sample. 21 
Cell Culture
The B16 cell line (B16F1) was purchased from Dainippon Sumitomo Pharmaceutical Co., Ltd (Osaka, Japan) in February 2017. B16 cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% (v/v) fetal bovine serum (Nichirei Biosciences Inc., Tokyo, Japan) and 1% antibiotic-antimycotic solution (a mixture of 10 000 U/mL penicillin, 10 000 µg/mL streptomycin sulfate, and 25 µg/mL amphotericin B; Invitrogen Corp., Carlsbad, CA) at 37°C in a humidified, CO 2 -controlled (5%) incubator.
Anti-melanogenic Assays
The amount of intracellular melanin in B16 cells was measured at the indicated times after treatment of samples according to the method of Ohguchi et al. 22 Briefly, cells (2 × 10 4 cells) were seeded on 24-well plates with 800 µL of DMEM with supplements and treated with test samples (100 µL) and α-melanocyte stimulating hormone (α-MSH, 100 µL) at 24 hours after seeding. Test samples were dissolved in DMSO and then diluted with DMEM to an appropriate concentration. The final concentration of DMSO was 0.1% v/v. In the control and vehicle control groups, DMSO solution was used instead of the sample solution. α-MSH was added to the medium in the vehicle control and test groups. α-MSH was dissolved in aqueous acetic acid solution (5%, v/v) and then diluted with DMEM to give a final concentration of 1 µM. Melanogenesis was initiated by the addition of α-MSH followed by incubation for 72 hours. The B16 cells were washed twice with phosphate-buffered saline (PBS: 137 mM NaCl, 2.7 mM KCl, 8.0 mM Na 2 HPO 4 , 1.5 mM KH 2 PO 4 , pH 7.4) and dissolved in 2 N NaOH for 1 hour at 65°C to extract the generated melanin. The OD at 490 nm of each sample was measured by using a microplate reader, and the melanin amount was determined by using the authentic standard of synthetic melanin. The cell proliferation of B16 cells was assessed using the WST-8 as described previously. 23 Cell proliferation is shown in percentages. Each percentage in the 
Radical-Scavenging Activity
Suppression Activity of AGEs Production
Suppression activity of AGEs production was measured according to the method of Shimoda et al 25 After incubation, the fluorescent intensity (F) associated with AGEs in the reaction mixture was monitored at an excitation wavelength of 370 nm and emission wavelength of 450 nm using a multi-label counter (2030 ARVO X4, PerkinElmer Life and Analytical Sciences, Waltham, MA). Aminoguanidine hydrochloride was used as a reference agent. The inhibitory ratio of the sample was calculated using the following formula: where F control is the fluorescence with a phosphate buffer containing glucose and BSA; F normal is the fluorescence with a phosphate buffer containing glucose and BSA without incubation (stored at 4°C); F sample is the fluorescence with a sample solution in phosphate buffer containing glucose and BSA; F sample blank was blank for fluorescence with a sample solution in PBS. Each assay was performed in triplicate.
Calculation of IC 50 Value
Data were plotted (X vs Y) using Hill's plot as follows:
X: log C, Y: log (I/100-I) where C is the concentration of the sample (µM) and I is the inhibitory ratio (%).
First approximate equation was calculated and C at Y = 0 was calculated as IC 50 .
Statistical Analysis
The experimental data were statistically analyzed with Statcel 3 (Publisher: OMS, Tokorozawa, Japan), add-in software for Excel, using one-way analysis of variance. Statistical significance was analyzed with Bonferroni/Dunn's multiple range tests.
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